BACKGROUND AND PURPOSE: Our aim was to determine the value of echo-planar diffusion-weighted MR imaging (epiDWI) in differentiating various types of primary parotid gland tumors.
A mong all human organs, salivary glands offer the largest variety of different histologic types and subtypes of primary neoplasms, most of them arising in the parotid glands. 1 Therefore, the management of tumors of the salivary glands requires a detailed understanding of the anatomy and pathologic processes affecting these glands. 2, 3 Most important for choosing the appropriate surgical approach regarding a primary tumor of the salivary glands is not only the preoperative differentiation between a benign or malignant lesion but also the determination of the exact histologic subtype among benign or malignant lesions. [2] [3] [4] [5] Whereas the risk for local recurrence in Warthin tumors treated by enucleation is approximately 2%, the risk for local recurrence in pleomorphic adenomas treated in the same manner is reported to be approximately 85%. 3, 4, [6] [7] [8] This perception leads to different surgical approaches among not only benign but also malignant lesions. 4, 5, 7 Fine-needle aspiration cytology (FNAC) proved to be a useful and reliable tool in the preoperative diagnosis of salivary gland masses when performed by a radiologist or a clinician. 1, [9] [10] [11] [12] [13] In contrast, Das et al 14 reported, in a study of 712 patients, a diagnostic accuracy reaching only from 80% to 91.1%.
A risk of FNAC might be a possible spread of tumor cells, which can lead to a higher likelihood of local recurrence, especially in pleomorphic adenomas and malignant lesions. Additionally, the differentiation of a few benign and malignant lesions might be not only difficult but also impossible. 14, 15 For instance, pleomorphic adenomas of variable histologic patterns can be mistaken for several other types of tumors, such as mucoepidermoid carcinoma or adenoid cystic carcinoma. 1 Furthermore, a differentiation between a basal cell adenoma and a basal cell adenocarcinoma based solely on a FNAC is usually not possible. 14, 16 Therefore, several MR imagingϪbased techniques have been evaluated for the diagnosis of benign and malignant salivary gland tumors. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] In contrast to FNAC, a noninvasive examination such as MR imaging might provide a diagnosis and also stage the disease. Among the evaluated image-based techniques, diffusion-weighted imaging (DWI) seems to have the highest potential to determine different histologic subtypes of salivary gland tumors noninvasively. 18, 19, 31, 32 In unison, the mentioned authors referred to the high potential of DWI for differentiating benign and malignant lesions or, furthermore, determining different histologic subtypes within the 2 groups. The major drawback of the mentioned studies is the limited number of histologic subtypes of primary salivary gland tumors, which might lead to an overestimation of this technique.
The purpose of our prospective study was to investigate the potential of echo-planar DWI (epiDWI) in differentiating various entities of parotid gland tumors.
Materials and Methods

Subjects
This prospective study was conducted in accordance with the recommendations of the local ethics committee that approved it. Written informed consent for participation in this study was signed by all included patients.
Between February 2003 and January 2008, 149 consecutive patients (67 females, 82 males; age range, 17-90 years; mean age, 57.2 years Ϯ 12.6) with a clinically suspected primary tumor of the parotid gland were examined prospectively before surgery. Before MR imaging, all patients underwent sonography to confirm the suspected clinical diagnosis. As part of the study protocol, in none of the included patients was a fine-needle aspiration performed before MR imaging. All patients underwent surgery, and in all cases, histologic diagnosis was available. The maximal period between MR imaging and surgery was 15 days (range, 1-15 days; mean, 5.7 Ϯ 2.3 days).
MR Imaging Protocol
All examinations were performed on a 1.5T superconducting MR imaging system with a 30 mT/m maximum gradient capability and a maximum slew rate of 125 mT/m/ms (Magnetom Symphony; Siemens Medical Solutions, Forchheim, Germany). The lower part of the circularly polarized (CP) head coil and a standard 2-element CP neck array coil were used. The flexibility of the neck array coil allowed positioning of the N1 element (the upper part of the coil) right next to the parotid glands. Initially, for anatomic localization of the parotid gland, an axial T1-weighted spin-echo sequence (TR, 500 ms/TE, 14 ms) was performed by using a matrix of 192 ϫ 512, an FOV of 210 ϫ 280 mm (pixel size, 1.09 ϫ 0.55 mm), a section thickness of 5 mm with an intersection gap of 1.25 mm, and 3 signals averaged. The acquisition time of this sequence was 1 minute 45 seconds.
As a T2-weighted sequence, 3D true fast imaging with steady-state precession (true FISP) (TR, 700 ms/TE, 2.29 ms) with spectral fat saturation was performed by using a matrix of 256 ϫ 256, an FOV of 160 ϫ 160 mm (pixel size 0.6 ϫ 0.6 mm), a section thickness of 2.5 mm, and 3 signals averaged. The acquisition time of this sequence was 1 minute 44 seconds. Instead of a T2-weighted spin-echo sequence, this one was performed to combine the T2 image impression and improve the visualization of the excremental ducts. Hence, this sequence was a compromise between a morphologic T2-weighted sequence and the heavily T2-weighted sequence to get a T2-weighted image impression of the glands and to evaluate the excremental ducts for possible additional pathologies.
The resulting images were analyzed for morphologic alterations, such as metal artifacts from dental implants and localization of the tumor, to ensure proper coverage of the entire tumor, by the following epiDWI sequence in consensus by 2 radiologists (C.R.H. and T.R., with 12 and 2 years of experience in the field of radiology, respectively). Thereafter, an axial epiDWI sequence (TR, 1500 ms; TE, 77 ms) was performed with a matrix of 119 ϫ 128, an FOV of 250 ϫ 250 mm (pixel size, 2.10 ϫ 1.95 mm), 6 excitations, and a section thickness of 5 mm with an intersection gap of 1 mm. A parallel imaging technique (modified sensitivity encoding) with an acceleration factor of 2 with 12 additional lines for self-calibrating was applied. A bandwidth of 1502 Hz/pixel was used, and 12 sections were acquired. The b factors used were 0 s/mm 2 , 500 s/mm 2 , and 1000 s/mm 2 .
Fat suppression was achieved by placing the frequency-selective radio-frequency pulse before the pulse sequence. The automatic 3D shim routine of the magnet used the section block as the shim volume, and shimming was performed directly before the sequence was started. The total acquisition time of this sequence was 1 minute 14 seconds.
Image Analysis
For each epiDWI sequence, a pixel-by-pixel apparent diffusion coefficient (ADC) map was automatically calculated, with the gray value of the pixel linearly corresponding to the ADC value expressed in square millimeters per second. The ADC values were calculated by using a least-square solution of the following system of equations:
, where S(i) is the signal intensity measured on the i th b factor and b i is the corresponding b factor image.
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S O is a variable estimating the exact signal intensity for a b factor of 0 s/mm 2 .
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Data were digitally transferred to the analyzing software MRIcro 1.4 (Chris Rorden, University of Nottingham, Great Britain; http:// www.sph.sc.edu/comd/rorden), which lists every pixel intensity of each ADC map in a single region-of-interest output file per patient. The delineation of tumors on ADC maps and subsequently the ADC computation were performed by 2 investigators (C.R.H. and L.D.), independently. An irregular region of interest was placed manually on ADC maps covering the entire tumor of every patient. This procedure was performed on all ADC maps where the tumor was visible, depending on the craniocaudal tumor extension. The localization of every single region of interest was confirmed by using the morphologic T1-and T2-weighted sequences. In a first step, the mean ADC value per region of interest and per patient was computed. The following analyses were based on the mean of each patient's mean values.
Only entities with at least Ն2 examined patients were included in the further statistical evaluation, to ensure statistical accuracy. Subsequently, each tumor size was measured in consensus by 2 radiologists (C.R.H. and L.D.) in every patient by using the software eFilm 2.1.2 (Merge Healthcare, Milwaukee, Wis) based on T2-weighted images.
Statistical Analysis
All statistical analyses were computed with the Statistical Package for the Social Sciences, Version 13.0.1 (SPSS, Chicago, Ill). ADC values for each histologic subtype were achieved by taking the mean of the separate mean values of each tumor per patient. For comparison of the different histologic types of parotid gland tumors, an unpaired 2-tailed Student t test with a Bonferroni correction for multiple testing was used, and a P Ͻ .05 was considered to indicate statistical significance. Regarding the ADC determinations by the 2 radiologists, an intraclass correlation coefficient was computed to evaluate interobserver variability and a correlation Ͼ0.8 was high.
Results
In 145 of 149 patients, a single 1-sided lesion was detected within the right (n ϭ 67) or left (n ϭ 78) parotid gland. In 4 patients, 2 lesions (right side, n ϭ 1; left side, n ϭ 3) were visible on MR images and confirmed by surgery and histologic work-up. In the 4 mentioned patients with 2 lesions within a parotid gland, pathology confirmed Warthin tumors. For further evaluation, only the larger lesion was included in the study.
epiDWI depicted the parotid glands of all patients, and in all patients, the delineation of the lesion was possible on ADC maps but additionally confirmed on the morphologic T1-and T2-weighted sequences. In 13 patients, the suspected lesions within the parotid gland proved to represent involvement from nonparotideal malignancies (n ϭ 9, lymphoma metastases) or inflammatory pseudolesions (n ϭ 4) and, therefore, were excluded from further evaluation.
The Table  2 and Fig 1) . On the basis of the mean of the ADC values, pleomorphic adenomas were distinguishable from all other examined subtypes, except for myoepithelial adenomas (P ϭ .054, Fig 2) . Mean ADC values from Warthin tumors (0.89 ϫ 10 Ϫ3 mm 2 /s Ϯ 0.16 ϫ 10 Ϫ3 mm 2 /s), as the second most common tumor of parotid glands, were statistically significantly different from those of myoepithelial adenomas, lipomas, and salivary duct carcinomas (P Ͻ .001, .013, and .037, respectively; Fig 3) . In contrast, mucoepidermoid carcinomas, acinic cell carcinomas, and basal cell adenocarcinomas were not differentiable from Warthin tumors on the basis of ADC values solely (P ϭ .094, .396, and .604, respectively). The detailed significance levels are given in Table 3 .
For the ADC computation, a high correlation was calculated between the 2 observers, with an intraclass correlation coefficient of 0.98 (P Ͻ .001).
Discussion
We investigated the potential of epiDWI in differentiating various entities of parotid gland tumors. Our results demonstrate that there is not only an overlap within the group of benign and malignant primary tumors of the parotid gland but also an overlap between benign and malignant tumors.
These results are in slight contrast to other studies dealing with this specific topic. 18, 19, 31, 32 In a recently published study by Eida et al, 18 31 consecutive patients with a single tumor in the parotid or submandibular gland were evaluated. The authors concluded that ADC may provide preoperative tissue characterization of salivary gland tumors by using different b factors (500 and 1000 s/mm 2 ). In contrast to our study, the predictive ability of the MR imaging criteria based on the ADC levels was assessed by dividing the calculated values in 4 groups (extremely low, low, intermediate, or high). Additionally, ADC levels were calculated from different areas of each tumor. Regarding the areas with extremely high ADCs, the difference between benign and malignant lesions was statistically significant. The authors did not provide absolute ADC values for different entities, even though, by using an alternative evaluation method, this study offers very promising results. The major difficulty of this study might be to implement the method of determining different tumor areas within a single tumor in a clinical routine setting. Parotid glands and, moreover, submandibular glands are small organs; a virtual fragmentation of small lesions within a small organ might allow the application of this evaluation technique only in larger lesions.
A comparable evaluation method was performed by Matsushima et al 21 In a study provided by Yoshino et al 31 (b factors, 0 and 771 s/mm 2 ), the provided ADC value for a pleomorphic adenoma (n ϭ 1) was 1.99 ϫ 10 Ϫ3 mm 2 /s and for Warthin tumors (n ϭ 2) was 0.89 ϫ 10 Ϫ3 mm 2 /s and thus similar to the values observed in our study. In contrast, the ADC value for an acinic cell carcinoma was much higher (1.38 -2.11 ϫ 10 Ϫ3 mm 2 /s). This remarkable difference regarding ADC values of acinic cell carcinomas might be explained by the fact that in the single acinic cell carcinoma observed by Yoshino et al, a cystic component was observed, which might lead to a substantial increase of ADC. In our study, all acinic cell carcinomas (n ϭ 10) presented as solid tumors. However, this study was not focused on tumors (n ϭ 5) and might be, therefore, categorized as preliminary, with regard to this special topic. 31 In another study, including 45 patients, the drawn conclusion was very promising (b factors, 0, 500, and 1000 s/mm 2 ). 19 Only an overlap within the malignant tumors was observed and additionally between myoepithelial adenomas (n ϭ 3) and salivary duct carcinomas (n ϭ 3). Pleomorphic adenomas were distinguishable from all 6 other examined entities solely on the basis of the calculated ADC values. In our study, pleomorphic adenomas were also distinguishable from all other entities, except for myoepithelial adenomas. This drawback focused on pleomorphic adenoma could be considered insignificant because both lesions were benign. From the point of view of a head and neck surgeon, this disadvantage has a higher impact, caused by the fact that pleomorphic adenomas have a risk of malignant transformation (carcinoma ex pleomorphic adenoma) and the surgical approach has to be much more aggressive due to the high risk of recurrence (eg, lateral or complete parotid resection) with a higher risk of facial nerve injury. 35 Otherwise, myoepithelial adenomas have an explicitly lower risk of malignant transformation or recurrences and can, therefore, be resected more conservatively. 36 Warthin tumors, as the second most common benign tumors of parotid glands, are treated much more conservatively than pleomorphic adenomas and, of course, all malignant lesions.
6,37 A Warthin tumor treated by enucleation has an expected recurrence rate of only 2%. 6 Therefore, differentiation from malignant lesions would be very helpful with respect to the surgical approach. In our study, the ADC value for Warthin tumors was 0.89 ϫ 10 Ϫ3 mm 2 /s Ϯ 0. 16 /s). These results strongly support our findings, proving a limited value of ADC-based tumor differentiation focused on Warthin tumors in an individual case.
To a certain extent, epiDWI seems to have the potential to differentiate primary parotid gland lesions. However, this di- 
Fig 2.
A, Transverse T1-weighted spin-echo MR image (TR, 500 ms; TE, 14 ms) from a 69-year-old male patient with a histologically proved pleomorphic adenoma within the right parotid gland (arrow). The mass shows muscle-isointense signal intensity. B, The corresponding T2-weighted 3D true FISP (TR, 700 ms; TE, 2.29 ms) image has a bright lesion within the right parotid gland (arrow). C, The corresponding ADC map shows an easily detectable bright signal intensity of the lesion (mean ADC value: 2.14 ϫ 10 Ϫ3 mm 2 /s; arrow).
agnostic approach has to be reviewed very carefully. A larger number of observed lesions will provide more different histologic subtypes when dealing with organs offering a wide histologic variety of primary tumors. Most likely, this fact will lead to restrictions dealing with this technique. The presented study offers the largest number of primary parotid gland tumors and different histologic subtypes within the literature and, in contrast to most other studies, an overlap regarding the ADC values from Warthin tumors and 3 different malignant subtypes of parotid gland lesions. With regard to our results, the conclusions given in the literature should be relativized. In a recent published study by Prades et al, 26 the offered results for determining whether a tumor is benign or malignant on the basis of the morphologic appearance are very promising and might be improved by combining morphologic features and DWIs in a diagnostic noninvasive approach. 39 This is especially promising with regard to the differentiation of pleomorphic adenomas, which were diagnosed with an accuracy of 83%, and Warthin tumors, which were diagnosed with an accuracy of 85%, on the basis of the morphologic appearance. 26 The main limitation of our study is that not every examined tumor subgroup was available in a satisfying number of patients; therefore, the ADC values might vary after including more patients for every subgroup. Furthermore, the number of malignancies is still very limited (n ϭ 49). However, salivary gland tumors are rare, and to our knowledge, our study provides the largest number of patients with parotid gland tumors examined with epiDWI within the literature.
Conclusions
epiDWI has the potential to differentiate pleomorphic adenoma and myoepithelial adenomas from all other examined entities. Due to an overlap not only within the group of benign and malignant lesions but also an overlap between these groups, diagnoses should not be addressed on the basis of ADC values solely. Therefore, further studies combining DWI, morphologic criteria, and probably other MR imaging techniques seem to be warranted. Fig 3. A, Transverse T1-weighted spin-echo MR image (TR, 500 ms; TE, 14 ms) from a 49-year-old female patient with a histologically proved Warthin tumor in the left parotid gland (arrow). B, The T2-weighted image (3D true FISP; TR, 700 ms; TE, 2.29 ms) also shows a bright signal intensity of the lesion (arrow) with a lesser extent but appearance similar to that of the pleomorphic adenoma in Fig 2B. C, On the basis of ADC maps, the difference between the pleomorphic adenoma in Fig 2C and 
